Abstract: Successful design and construction processes aiming towards nearly zero energy building (nZEB) standards are a challenge for the whole construction industry in Europe. Realizing nZEB buildings requires innovative design processes, and technologies based on an integrated design approach facilitated by multidisciplinary work teams. The collaboration between architects, engineers, technical experts and building managers, is essential. Therefore, it is necessary to identify the specific involvement of each profession in order to develop mutual understanding of each others' disciplines. Additionally, it is vital to provide professionals with the skills needed to achieve optimal nZEB construction and retrofitting in terms of quality, energy efficiency and cost effectiveness. However, this approach is not yet common, as the building sector is still very fragmented. The EU-funded H2020 project PROF/TRAC aims to tackle this issue by developing an Open Training Platform and a methodology for fast and valid co-creation of interdisciplinary qualification schemes for task-based Continuous Professional Development (CPD) for all professions involved. A common methodology for the mapping of skills and qualifications in the form of an Excel tool was developed as a basis, together with a guidance document. This paper presents the skill-mapping methodology, the use of its results to develop national roadmaps, and the BUILD UP Skills advisor app.
Introduction
Cities consume three quarters of the world's natural resources. Globally, buildings account for about 40% of energy use, approximately 25% of global water use and circa 30% of greenhouse gas emissions [1] . The residential building stock was responsible for about one quarter of total energy consumption in 2014. This consumption, together with non-residential buildings' consumption, reached about 38% of the final energy consumption, representing the largest energy-consuming sector in Europe [2] . In addition to the resource aspects, buildings have a major impact on social and health aspects. On average, humans living in urban settings spend up to 90% of each day inside buildings [3] . Hence, the quality of the built environment influences their health, comfort, security, and ways of cooperating with each other. For this reason, European energy and climate policies have ambitious climate goals, which are reflected in the Low-Carbon Europe Roadmap 2050. The European Commission has emphasized the importance of achieving these objectives with its recasting of the educational institutions in Europe. Finally, it explains and discusses the challenges encountered during development and implementation across different professions and countries, and concludes with further research recommendations.
The PROF/TRAC approach to tackle the issue of up-skilling the professions involved is threefold. First, the lack of knowledge described above is quantified by mapping the required skills and current skill gaps of professionals with regard to nZEB-related technologies and interdisciplinary skills. Second, the challenge of producing the right information on available qualifications and training materials is addressed. PROF/TRAC developed a repository of training material for free use in education and post-initial education in the Open Training Platform on its project website. This is mainly based on the results of the IDES-EDU project [13] . Furthermore, PROF/TRAC pilots, how the BUILD UP Skills advisor app (H2020 projects BUS_N@W and BUStoB) can be used to transfer CPD information and short 'update trainings' to nZEB professionals in the Netherlands. Thirdly, PROF/TRAC develops a task-based European qualification scheme as part of a lifelong learning process for continuous development and up-skilling of professionals. This qualification scheme will also be used to implement the narrowcasting in the BUILD UP Skills advisor app (ISSO, Rotterdam, The Netherlands). The expected users will mainly be training institutions, which will use the developed tools in order to prepare new training materials in the field of nZEB. Another group of users foreseen includes branch/trade organizations that represent several of the professions involved.
Methodology

Introduction to the Common Methodology for the Mapping of Skills
The first task has been the design of a common methodology for the mapping of skills, which consists of:
1.
A mapping and comparison of the required nZEB skills versus present nZEB skills of professions involved in nZEB construction and retrofitting. This should provide an indication of the current skills gaps and mismatches; 2.
An inventory of professions and interdisciplinary skills involved, technologies applied, existing qualifications, knowledge sources, education programs, post-initial training supply and accreditation/ certification structures; 3.
Visualization of all technologies, interdisciplinary skills and involved professions. Figure 1 gives an overview of some of the visualisations.
Since the definition of skill levels is vital, they have been described in detail in the guidelines, together with the definitions used for involved professions in order to make the results better comparable. An important accelerator was the use of the right EU terms, in accordance with the Bologna declaration of 2010, as a foundation. Table 1 lists the various skill levels applied. The main idea of the skills mapping methodology was to support EU Member States in executing the skills mapping in a fast and practical way. The following actions were foreseen in the methodology for each country:
Creating an inventory of involved professions, number of professionals and their education levels ( Table 2 gives an excerpt of involved professions); 2.
Creating an inventory of existing qualifications; 3.
Creating an inventory of available education programs; 4.
Creating an inventory of post-initial trainings (CPD); 5.
Creating an inventory of accreditation and certification structures; 6.
Creating an inventory of applied nZEB building and installation technologies; 7.
Creating an overview of required interdisciplinary skills; 8.
Mapping the applied building and installation technologies with the involved professions and their EQF levels by national experts; 9.
Mapping the required interdisciplinary skills with the involved professions and their EQF levels (European Qualification Framework) by national experts. 
Construction Engineer
Engineer, who deals with statics, mechanics, solid mechanics and with the conception, analysis, design and construction of components or assemblies to resist loads arising from internal and external forces.
5-8
Building Engineer Engineer of the building: design, drawings, materialization, details, acoustics 5-8
Project manager
The person responsible for the planning, execution and closing of any (nZEB) building project 5-8
Project developer
The project developer takes responsibility for the associated risks involved in the building process for the customer and hands over the project to the tenant/buyer after completion and use of the building
5-8
Manager building process The person responsible for quality assurance during on-site construction works in the realization of nZEB buildings 5-8
Building owner/Facility Manager The person responsible to maintain the property as it was built (including facility management) 1-8
Financial manager
The person responsible for all finances involved during planning, execution and closing of any (nZEB) building project
5-8 Procurer
The person responsible for facilitating the process of nZEB tenders and (sub-) contracts [5] [6] [7] [8] It is important to remark that actions eight and nine describe the gaps between the present and required skills in nZEB. The national roadmaps (see Section 2.3) used these results as starting point. 
Execution with Small Groups of Experts
The second step was selecting professionals in seven member states to form small focus groups of four to six experts. The required professionals were defined as architect, engineer, building manager, and project developer. The experts selected had actual, high-level experience in realizing and maintaining nZEB buildings (new and renovated). The criteria that helped to select each of the experts were:
1. To have proven experience with nZEB (as architect, engineer, project manager, building company or installation company, project developer, teacher/trainer, building manager or scientist); 2. To know the national market of nZEB; 3. To have an interdisciplinary overview of actors involved in the nZEB construction and maintenance value chain; 4. To be able to not only use one approach on nZEB, but to recognize the value of other approaches (Passiv Haus, Active House, Zero Energy Bill, etc.); 5. To know available relevant education and/or post-initial trainings; 6. To be able to answer the skills mapping methodology questions or be able to find people who could provide answers (relevant expertise or network); 7. To support EU projects like PROF/TRAC and be personally motivated and committed to use the results; 8. To have good communication skills, knowledge of language and ICT.
These national experts were trained in the skill-mapping methodology in a short 30 min training during the first PROF/TRAC train the trainer event. As a result, raw first versions of the national results were presented at this event, compared and discussed between the experts present. Finally, the trained expert groups executed the skill mapping in their own countries.
As a validation, the results of the skill mappings delivered by the expert groups were then validated through the project consortium, e.g., regarding the skills of architects, the Architects' Council of Europe had a CPD expert reviewing them for all undertaken countries. This action was 
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To have proven experience with nZEB (as architect, engineer, project manager, building company or installation company, project developer, teacher/trainer, building manager or scientist); 2.
To know the national market of nZEB; 3.
To have an interdisciplinary overview of actors involved in the nZEB construction and maintenance value chain; 4.
To be able to not only use one approach on nZEB, but to recognize the value of other approaches (Passiv Haus, Active House, Zero Energy Bill, etc.); 5.
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As a validation, the results of the skill mappings delivered by the expert groups were then validated through the project consortium, e.g., regarding the skills of architects, the Architects' Council of Europe had a CPD expert reviewing them for all undertaken countries. This action was the outset for developing a generic nZEB qualification scheme for the involved professions (see Section 2.4).
Roadmap Development
This was followed by the development of national roadmaps. In this task, each pilot country developed a roadmap on how to address and close the uncovered skill gaps. Each of the developed roadmaps focused on the successful national implementation of nZEB trainings for professionals, linked to the upcoming PROF/TRAC EU nZEB qualification scheme. The aim of each document was to identify measures to overcome barriers and skills gaps for a successful national implementation of nZEB training for professionals. The roadmap format was elaborated at a detailed level, so that it could easily be used as a writing guide. During the writing phase, several best-practice examples for improving the format were discussed in the consortium, resulting in an improved roadmap template, which is outlined in Figure 2 .
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This was followed by the development of national roadmaps. In this task, each pilot country developed a roadmap on how to address and close the uncovered skill gaps. Each of the developed roadmaps focused on the successful national implementation of nZEB trainings for professionals, linked to the upcoming PROF/TRAC EU nZEB qualification scheme. The aim of each document was to identify measures to overcome barriers and skills gaps for a successful national implementation of nZEB training for professionals. The roadmap format was elaborated at a detailed level, so that it could easily be used as a writing guide. During the writing phase, several best-practice examples for improving the format were discussed in the consortium, resulting in an improved roadmap template, which is outlined in Figure 2 . The first part of the document provides a brief summary of requirements for skilled professionals, as a result of national skill mapping. This part of the report is focused on the national definition of professions involved in nZEB construction and retrofitting, as well as the description of their present and required skills. Additionally, it includes a short description of the skill mapping methodology, in order to show the demand for skilled professionals on the market, as well as the overview of the most noteworthy conclusions for each profession.
The second part of the document deals with the opportunities and barriers to the objective of the PROF/TRAC project, and covers areas such as:
• Expected development of the national market for nZEB; • Drivers and barriers to the market; • Education system; • Drivers and barriers in education; • Recommendations on overcoming the barriers.
Finally, the third part of the document presents the roadmap plan for this specific country, including proposed national actions. By identifying specific actions, it is believed that the roadmap could become a tool for implementing change in the building sector, but in particular for the implementation of changes to the qualifications and skills of building professionals in each country based on the skill mapping methodology. Implementation of the roadmap will allow ensuring that relevant professionals in the building sector have the necessary knowledge and skills for the design, construction and operation of nZEB buildings.
Development of the PROF/TRAC nZEB Qualification Framework
The development of the PROF/TRAC nZEB Qualification Framework is further elaborated here, while the actual content of the framework is currently being finalized, and will be available on the project website from December 2017 onwards. It consists of several components:
1.
Four different macro areas of expertise: Energy management, Energy production, Energy reduction and Interdisciplinary skills; 2.
General or non-task-specific knowledge and skills; 3.
Subtasks related to project phases and work fields; 4.
The required skill levels (results from the skills mapping). Table 3 depicts the qualification framework for the example of the heat pump technology. The PROF/TRAC nZEB Qualification Framework is used in the BUILD UP Skills advisor app to narrowcast training content related to involved professions, technologies and interdisciplinary skills. When the nZEB Qualification Framework is finalized, it will be first used in the Netherlands in Dutch and on an EU level in English, in order to provide fast and effective insights into available CPD supply. The described professional tasks will be used as a filter, to further narrow down the relevant CPD supply. Here the professionals will be able to find technology, interdisciplinary and task-specific training content within four navigation steps. Figure 3 depicts the app. The first screen is the splash-screen. On the second screen you can select your profession. Based on the profession you selected, the CPD-training supply is filtered for the best fit. 
cts the qualification framework for the example of the heat pump technology. 
Planning and design of heat pump installations
energy production for heating, cooling and potable hot water, making use of an energy source with low temperature and bringing it to a higher temperature.
General description and subtasks Workfield
Project phase General description and subtasks Workfield
Architecture Mechanical Engineering Electrical Engineering Structural engineering Construction management Financing and procurement Building management
General
General knowledge of heat pumps, design and application 1 4 2 1 1 1 1
Understands the basic working and application of heat pumps, is able to explain and discuss.
Is aware of types of available heat sources for use with heat pumps, understands the influence of source temperature on energy efficiency. The PROF/TRAC nZEB Qualification Framework is used in the BUILD UP Skills advisor app to narrowcast training content related to involved professions, technologies and interdisciplinary skills. When the nZEB Qualification Framework is finalized, it will be first used in the Netherlands in Dutch and on an EU level in English, in order to provide fast and effective insights into available CPD supply. The described professional tasks will be used as a filter, to further narrow down the relevant CPD supply. Here the professionals will be able to find technology, interdisciplinary and task-specific training content within four navigation steps. Figure 3 depicts the app. The first screen is the splash-screen. On the second screen you can select your profession. Based on the profession you selected, the CPD-training supply is filtered for the best fit. 
Results
One of PROF/TRAC's main outputs is the mapping of the professions concerned in nZEB construction and retrofitting including a mapping of the required specific skills versus the present available skills. This includes the mapping of the technologies involved, interdisciplinary skills, existing qualifications, knowledge sources, education programs, post-initial training supply and 
One of PROF/TRAC's main outputs is the mapping of the professions concerned in nZEB construction and retrofitting including a mapping of the required specific skills versus the present available skills. This includes the mapping of the technologies involved, interdisciplinary skills, existing qualifications, knowledge sources, education programs, post-initial training supply and accreditation and certification structures. While skills related to technology focus on nZEB related issues are grouped in different energy related items, according to the Trias Energetica concept (energy reduction, production and efficiency/management), interdisciplinary skills focus on the direct relations and interaction points between the different disciplines in the building sector [16] .
The first step in PROF/TRAC was the mapping of existing skills and qualifications in the EU. Starting from the real skills situation in each country and comparing these with the required skills for developing and maintaining nZEBs. PROF/TRAC developed a common methodology for the mapping of skills and qualifications by categorizing technologies, interdisciplinary skills and professions involved. Seven PROF/TRAC pilot countries mapped the current and required skills of professionals on nZEB technologies and skills, together with the existing qualifications in their country. The gaps between current and required skills identify the need for additional training in order to obtain skills and knowledge necessary to successfully construct or refurbish nZEB buildings. Tables 4 and 5 contain a part of the skills mapping results from the Netherlands and Spain, the higher the level (from 1-5) the larger the gap between current and expected nZEB knowledge and skills. current  nZEB  Gap  1  2  3  4  5  current  nZEB  Gap  1  2  3  4  5  current  nZEB  Gap  1  2  3 As previously presented under Section 2.3, based on these outcomes, seven national roadmaps were developed for seven EU pilot countries, together with a standard format for other interested countries. These roadmaps address the detected gaps and describe opportunities and barriers to training the required number of nZEB professionals. They can be found on the project website.
The current results are further elaborated in a common usable and task-based qualification framework on nZEB qualifications for professionals. Additionally, this framework is used to create a PROF/TRAC repository of CPD trainings on the project website and in the BUILD UP Skills advisor app. Thereby it becomes possible to narrowcast new trainings and training content on a task-based level for specific professionals.
Discussion
The skill mapping in PROF/TRAC was developed based on results with skill mapping in the Dutch BUILD UP Skills project BUS_N@W. In this project, the skill mapping consisted mainly of listing technologies and linking them to occupations, while the skills gap analysis was missing. In the new recently funded H2020 project BIMplement, the in PROF/TRAC developed methodology will be re-used and further developed.
During the development and piloting of the methodology for skills mapping, several issues for discussion evolved. The need for very clear definitions of all professions involved was detected for the inventory of professions. Even if it is a regulated profession, the same profession could have different roles and tasks, depending on the country. To that extent, it was important to make further distinctions within professions. For instance 'engineers' can have different competences, such as building engineer, mechanical engineer, etc. However, this is also a point where a certain flexibility should be allowed for EU member states. For example, the definition of a civil engineer in Croatia is totally different from a civil engineer in the Netherlands. This was also the case for building management, financing and procurement professionals etc. Hence the role and tasks of these kinds of professions are very country-specific and the level of skills need to vary accordingly.
This lead to the difficulty in defining the professions involved in nZEB on a European level, because of numerous national variations in titles and work areas, e.g., technical architect, energy engineer etc. As a result, the project consortium decided to work with groups of professions in various fields of work, such as architecture, construction and mechanical engineering. This way, it was easier to define the required level of nZEB skills on a European level for each group.
The inventory of current qualifications and numbers of professionals active in the field per country takes more time and depends on the accessibility of data on professional registrations, initial and post-initial training supply. None of the countries involved has a registration system for all professions involved in nZEB, except for architects.
Another lesson was learned during analysis of the skill mappings, which showed that especially the level of present skills is difficult to assess correctly, as it depends on the expertise and objectivity of the experts who undertake the mapping. Our recommendation is to train experts more intensively before conducting skill mapping, and to make use of better digital survey tools, instead of Excel. This will also enable skill mapping with larger expert groups, swift validation and, therefore, better reliability. Furthermore, after performing skill mapping, the results should be presented to and discussed with involved experts.
Conclusions
The developed methodology for execution of skill mapping and roadmap development worked well for all involved member states. With little effort, nZEB skill mapping can be performed by filling in the developed Excel document. During the PROF/TRAC train the trainers sessions, the executed skill mappings proved valuable in guiding and accelerating the design of new interdisciplinary trainings. Based on the first skill mappings carried out, it does not seem sensible to us to outline the parts of the mappings that are most problematic for each country. Because the number of involved experts was relatively small, further investigation of the detected skill gaps at country level is needed.
The results of seven national roadmaps concluded that none of the countries have a registration system for all professions involved in nZEB, except for architects. Therefore it is very difficult to estimate the exact number of professionals requiring training for nZEB. For better mobility of nZEB-trained professionals within Europe, we recommend setting up an easy to implement registration system including results from CPD in the future.
The seven national roadmaps illustrate how countries can deal with numerous national obstacles in reaching nZEB standards, such as cultural habits, tradition, legislation, tax system and financing. The seven existing roadmaps can be used in future as an example for other countries or similar initiatives. They are available for free on the project website.
As previously argued, a task-related scheme is important in the qualification scheme, which is independent of the professional assumed to perform the task. Some tasks may be performed by architects in one country, but by construction engineers in another country; for instance, construction calculations. This way it becomes possible to compare national implementations of the same qualification scheme more easily. The developed qualification framework, in combination with the skill gaps from the skill mapping can be used by CPD providers to optimize their CPD.
As a next step, a specific skill mapping with building managers from the social housing sector will be undertaken, using a cloud-based inventory system. It can be assumed that usage of cloud-based tools will speed up the skill mapping, lower the 'error rate', and quickly uncover possible misinterpretations of, for instance, the definitions used to describe professions, skill levels and technologies.
As a further research recommendation, it could be noted that the methodology should be statistically validated. In the PROF/TRAC project the methodology was developed and tested. By working with small focus groups of highly qualified professionals, the results provided a good indication of existing skill gaps that require attention in CPD. In many EU countries, formal education qualifications on nZEB are currently developed by similar small groups of experts. For statistical validation, we recommend the use of digital survey technologies and simplified cluster analysis to compare the results of larger datasets. well for all involved member states. With little effort, nZEB skill mapping can be performed by filling in the developed Excel document. During the PROF/TRAC train the trainers sessions, the executed skill mappings proved valuable in guiding and accelerating the design of new interdisciplinary trainings. Based on the first skill mappings carried out, it does not seem sensible to us to outline the parts of the mappings that are most problematic for each country. Because the number of involved experts was relatively small, further investigation of the detected skill gaps at country level is needed.
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Supplementary Materials: Further information is available online at www.proftrac.eu.
